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(57) ABSTRACT

A resistive nonvolatile storage device includes a first inter-
layer insulating layer provided above a substrate, a contact
hole penetrating through the first interlayer insulating layer,
a contact layer wholly covering a bottom surface and a
sidewall surface of the contact hole and extending to at least
partially cover an upper surface of the first interlayer insu-
lating layer, a contact plug filled in the contact hole, an upper
surface of the contact plug being positioned below an upper
surface of the contact layer, a lower electrode provided on
both the contact plug and the contact layer that is provided
on the part of the upper surface of the first interlayer
insulating layer, and a resistance change layer provided on
the lower electrode, and an upper electrode that is provided
on the resistance change layer.

5 Claims, 17 Drawing Sheets

| —110

CPC ..o HOIL 45/1253; HOIL 27/2409; HOIL
17
116 — \
15 — :
Mg——
107— 4 A= = P
EENNAE SN
108
105
104 —| i /
103 —, 3
101— /

/‘\)

102



US 9,444,044 B2

Page 2
(56) References Cited FOREIGN PATENT DOCUMENTS
U.S. PATENT DOCUMENTS WO 2008/149484 12/2008
WO 2011/024455 3/2011
2014/0175369 Al* 6/2014 Murase ................. HO1L 45/08

257/4 * cited by examiner



U.S. Patent Sep. 13,2016 Sheet 1 of 17 US 9,444,044 B2

116 — BN
115 —] D 112

’mb}m 113
14— —hia

3 110
07— —= 7T 7
106 — \\\ ;‘S ﬁ/lgg
105-/§ B

i 7 ///
7
i S TTS S S




U.S. Patent Sep. 13,2016 Sheet 2 of 17 US 9,444,044 B2

FIG. 2

LSS

FIG. 3

LIS

]
102

FIG. 4

e P4

I
102




U.S. Patent Sep. 13,2016 Sheet 3 of 17 US 9,444,044 B2

: ;%\\\>\\\\\\\
S99 e
NN\,
i M// 7
. :%\\\\’ N

ot/ ST /




U.S. Patent Sep. 13,2016 Sheet 4 of 17 US 9,444,044 B2

FIG. 8
107
SN NN\
105~/
= v
101 — / /
102
FIG. 9
107

5 ///////////‘~1 10

106\ \ ,109
5 —108

105~/

101 — / /“\’ /
. FIG. 10
z= =110
R NONN L NN\

18‘3‘:%5/ Z //
101—F 7 /) /

102




U.S. Patent

Sep. 13, 2016 Sheet 5 of 17 US 9,444,044 B2
FIG. 11
10\7 112
\ —111a’

2 ~-110’

106 —

106 —

—109
108

104 —
103 —

101 —

; X
X
\

102
FIG. 12
107 '//1\1“)}11? 113
\g _/—1113110
y

106 —

%‘}

1056 —

S\

109
—108

104 —
103 —

101 —




U.S. Patent Sep. 13,2016 Sheet 6 of 17 US 9,444,044 B2

FIG. 13
107
/ / / -
14— >v\ S jﬁ}m}w
/ Y = 4
106 — \\\7 \<‘ 109
/ 108
105—/> >
101 — / )( /
1(J)2
FIG. 14
115
/ 107 / 1
14 —f— NN :ma}m 13
/ Q 110
SRSIN 109
106\>§\\ x,\ e
105 —x=
i Ve
101 — y Ayt /
|

102



U.S. Patent Sep. 13,2016 Sheet 7 of 17 US 9,444,044 B2

116 — BN
115 —] D 112
—111b}
111 3113
14 —L— 111a

——110

07— —= 7T 7
AR
105 — B

i 7 ///
7
i S TTS S S




U.S. Patent Sep. 13,2016 Sheet 8 of 17 US 9,444,044 B2

FIG. 16A
10
1(;4 1(54
N T o l—103
17— T : T :
Me— 01 0 7
XVIC
- 109
17— T xviBA_. (T L AXVIB
116 \
113
i
<

XVIC



U.S. Patent Sep. 13,2016 Sheet 9 of 17 US 9,444,044 B2

FIG. 16B
10

116\ W/m

115“’ mb}m 113

114 — —hia
/ / 110

107 = /

10— U N 109

/ 108
105-/

15— oA
Sy, 928

|
102

X

FIG. 16C

117 10

)
116 — NN /
Sk i
114 —1— X 1112

L —110

107 —1, » ;
5NN \§% 1
105 —B A B
104—
103~ L4102
o—+—/ / / / / /S /




US 9,444,044 B2

Sheet 10 of 17

Sep. 13, 2016

U.S. Patent

(u@x0a0)od

i

WNOIS
T °J0HLNOD

WNOIS
I EN (0]

| |
_Bme 1INDYID LNd1NO/LNdNI Y1va _1| LINDOND
| i y = T04ING
902~ M3V ISN3S | [ LIN0HI0 ILM |- | 807
_ I ¥ 50¢ ' < 1IND¥I0 INdNI
| y0g~43IANA ONY LINDYIO NOILDFTAS NWNT0D || 5538adv
|
e 218 118 018 | 80¢
I O RSO SRS (N : I
i | CEIN | STIN SN | | |
| m Ny S Py |
_ ' 7 | M i N | b [
| _ ¢ e e A |
i | N | o DN | wanpg ||
_ ..... ,w\),_ m _.4\-/_. w\-/.. | aNy |
B L~ R Wy A
| | T T TOM |
i TV I ST 7Y T MOs 1
| m L RS I |
B e _
L T T |
. m |
| | AVEMY 1130 AOWIN e+ 5 - LS
| AAg ST e H e0z | 301A30 3OVHOL
L AQOEAONIN. __ A v S — " TTI1YIOANON
- __ _ 7
e 20z YNOPIY /LDl oz



U.S. Patent

Sep. 13, 2016 Sheet

FIG. 18

BLO

11 of 17

US 9,444,044 B2

BL1

211

WLO

XIX 2zt 4 A XIX

l\\\ I ’/, 210 WL1
l\ 212
REGION B

FIG. 19
4211
210 ST~—213
N S~ 214
NN ™ 215
S~ 216
217

\

~212




U.S. Patent Sep. 13,2016 Sheet 12 of 17 US 9,444,044 B2

FIG. 20

212

210~ Z 210~F Z\%

- ,/g/ ,// 1_/~210

210 ,/ ,/ 212
(| / 1 ] 211
. Y 210

[ 211

1
[~

211
210

212

NN
D\

( Vi 212



US 9,444,044 B2

Sheet 13 of 17

Sep. 13, 2016

U.S. Patent

(uae0a)od

g e |
206~ LINOMID INdLNO/ZLNdNIVIVG | | LINoun TYNSIS
| i ¥ =] __TOYINOO [ °10dINOO
| 908~ ¥AIANdWY ISNIS| | LINDHID LRIM “/ 1 01E”
i i i 50€ <l LINOYID LNANI{ | T¥NDIS
R LINDMID NOILOFTIS NWNT0D L $5340dv §S34aav
L 21d 18 018 Y | 0
A S AR A . [ A1ddnS
I ; . : -
o aw> BN SN | o—glan =] 43N0

H 7 \ 7 \ 7 \ ! |

“ V¢ \ ) ) : I
7 £ \W & m gt
[ 1 1 T v I
L goA BBl CeleT £l 1¢—r L CTM _
IR i CE \mwN_\,__\ ..... e CLON | YIANG | i oAlddNS
g V- SRIEE ) S m any | NEex
B R A b A W
L |
| AR =7 AR == BN EANE = F LI "
R T e N T | MY

N 5 2R 2 |
i 0d o pES RNES L By |

H 1 i m |
| FIE e nre om m
| | H |
| AVYHY T130 AYONIN LT | ; LS

............................. 115 | 301A30 3OVH0L
AQOBAIONAN____ T 1 TSILYIOANON

s 0 ! \4\
l¢ 9Old



U.S. Patent Sep. 13,2016 Sheet 14 of 17 US 9,444,044 B2

FIG. 22

N ~N—BLO

319



U.S. Patent

CELL CURRENT [A.U]

Sep. 13, 2016 Sheet 15 of 17

FIG. 23

1

I
Ly ~
|

+
-
T Y R R A PR A N R R
~

198 256 364 517 640 768 8% 10241152 12'80 1408 1536 1664 1792 1920 2048
ARRANGED POSITION OF NONVOLATILE STORAGE ELEMENT

100 120

US 9,444,044 B2



U.S. Patent Sep. 13, 2016

Sheet 16 of 17 US 9,444,044 B2
FIG. 24
=)
<
—
Z 2
& lr‘uu e e 0&0.\.’\! {""‘“ Y ‘: wlomieh, oo, %t »'¢“‘n°00".¢ gy oo’o‘,‘d Sateatotti .0‘:
£ |
o | N
1 | ~o
1 1 ~
w | RN
(&) ll \\\
01 128 25 384 512 640 768 89 1024 1152 1280 1408 1536 1664 1792 1920 2048

ARRANGED POSITION OF NONVOLATILE STORAGE ELEMENT




U.S. Patent Sep. 13,2016 Sheet 17 of 17 US 9,444,044 B2

FIG. 25
PERIPHERAL PERIPHERAL
CIRCUIT . . CIRCUIT
REGION | . REGION
N MEMORY ARRAY REGION P
' BEFORE CMP '

Wil

LEVEL DIFFERENCE HEIGHT [A.U.]

SCAN WIDTH [A.U]




US 9,444,044 B2

1
RESISTIVE NONVOLATILE STORAGE
DEVICE, MANUFACTURING METHOD FOR
SAME, AND RESISTIVE NONVOLATILE
STORAGE APPARATUS

BACKGROUND

1. Technical Field

The present disclosure relates to a resistive nonvolatile
storage device of which resistance value is changed with
application of an electric pulse, and to a manufacturing
method for the resistive nonvolatile storage device. The
present disclosure further relates to a resistive nonvolatile
storage apparatus using the plurality of resistive nonvolatile
storage devices.

2. Description of the Related Art

Recently, functions of electronic equipment, such as por-
table information devices and intelligent home appliances,
have become increasingly sophisticated with development
of the digital technology. Corresponding to the sophistica-
tion in functions of the electronic equipment, miniaturiza-
tion and speedup of semiconductor elements used in the
electronic equipment have also been progressed at a high
pace. Such a trend has quickly expanded applications of
large-capacity nonvolatile memories represented by a flash
memory. Furthermore, research and development of a
ReRAM (Resistive Random Access Memory) using a resis-
tive nonvolatile storage device has been progressed as a
novel nonvolatile memory that is to be replaced with the
flash memory. Here, the term “resistive nonvolatile storage
device” implies an element having properties to reversibly
change its resistance value in accordance with an electric
signal, and being able to non-volatilely store information
corresponding to the resistance value.

In the above-mentioned resistive random access memory,
a resistance change layer of which resistance value is
changed is used as a storage element. By applying an electric
pulse (e.g., a voltage pulse) to the resistance change layer,
the resistance value of the resistance change layer is changed
from a high resistance state to a low resistance state, or from
a low resistance state to a high resistance state. On that
occasion, by storing data such that the low resistance state
corresponds to “1” and the high resistance state corresponds
to “0”, resistive random access memory can be operated to
function as a binary memory. In such a case, it is desirable
to distinctively discriminate binary values corresponding to
the low resistance state and the high resistance state, to
stably cause change between the low resistance state and the
high resistance state at a high speed, and to hold the binary
values in a nonvolatile fashion.

As one example of the above-described resistive nonvola-
tile storage device, there is proposed a resistive nonvolatile
storage device using a resistance change layer that is in the
multilayer form of transition metal oxides having different
oxygen contents. For example, International Publication No.
2008/149484 discloses a technique that stabilizes a resis-
tance change phenomenon by selectively generating an
oxidation reaction and a reduction reaction at an interface
between a transition metal oxide layer having a high oxygen
content and an electrode disposed in contact with the tran-
sition metal oxide layer.

SUMMARY

In one general aspect, the techniques disclosed here
feature a resistive nonvolatile storage device including a first
interlayer insulating layer provided above a substrate, a
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contact hole penetrating through the first interlayer insulat-
ing layer, a contact layer wholly covering a bottom surface
and a sidewall surface of the contact hole and extending to
at least partially cover an upper surface of the first interlayer
insulating layer, a contact plug filled in the contact hole, an
upper surface of the contact plug being positioned below an
upper surface of the contact layer, a lower electrode pro-
vided on both the contact plug and the contact layer that is
provided on the part of the upper surface of the first
interlayer insulating layer, and a resistance change layer
provided on the lower electrode, and an upper electrode that
is provided on the resistance change layer.

With the resistive nonvolatile storage element according
to one embodiment of the present disclosure, variations in
characteristics of the individual resistive nonvolatile storage
elements can be reduced.

It should be noted that general or specific embodiments
may be implemented as a system, a method, an integrated
circuit, a computer program, a storage medium, or any
selective combination thereof.

Additional benefits and advantages of the disclosed
embodiments will become apparent from the specification
and drawings. The benefits and/or advantages may be indi-
vidually obtained by the various embodiments and features
of the specification and drawings, which need not all be
provided in order to obtain one or more of such benefits
and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view illustrating one example of a
basic configuration of a resistive nonvolatile storage device
according to a first embodiment;

FIG. 2 is a sectional view to explain a step in one example
of a manufacturing method for the resistive nonvolatile
storage device according to a first embodiment;

FIG. 3 is a sectional view to explain a step in the one
example of the manufacturing method for the resistive
nonvolatile storage device according to the first embodi-
ment;

FIG. 4 is a sectional view to explain a step in the one
example of the manufacturing method for the resistive
nonvolatile storage device according to the first embodi-
ment;

FIG. 5 is a sectional view to explain a step in the one
example of the manufacturing method for the resistive
nonvolatile storage device according to the first embodi-
ment;

FIG. 6 is a sectional view to explain a step in the one
example of the manufacturing method for the resistive
nonvolatile storage device according to the first embodi-
ment;

FIG. 7 is a sectional view to explain a step in the one
example of the manufacturing method for the resistive
nonvolatile storage device according to the first embodi-
ment;

FIG. 8 is a sectional view to explain a step in the one
example of the manufacturing method for the resistive
nonvolatile storage device according to the first embodi-
ment;

FIG. 9 is a sectional view to explain a step in the one
example of the manufacturing method for the resistive
nonvolatile storage device according to the first embodi-
ment;
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FIG. 10 is a sectional view to explain a step in the one
example of the manufacturing method for the resistive
nonvolatile storage device according to the first embodi-
ment;

FIG. 11 is a sectional view to explain a step in the one
example of the manufacturing method for the resistive
nonvolatile storage device according to the first embodi-
ment;

FIG. 12 is a sectional view to explain a step in the one
example of the manufacturing method for the resistive
nonvolatile storage device according to the first embodi-
ment;

FIG. 13 is a sectional view to explain a step in the one
example of the manufacturing method for the resistive
nonvolatile storage device according to the first embodi-
ment;

FIG. 14 is a sectional view to explain a step in the one
example of the manufacturing method for the resistive
nonvolatile storage device according to the first embodi-
ment;

FIG. 15 is a sectional view to explain a step in the one
example of the manufacturing method for the resistive
nonvolatile storage device according to the first embodi-
ment;

FIG. 16A is a plan view of resistive nonvolatile storage
devices according to a modification of the first embodiment;

FIG. 16B is a sectional view taken along a section line
XVIB-XVIB in FIG. 16A;

FIG. 16C is a sectional view taken along a section line
XVIC-XVIC in FIG. 16A;

FIG. 17 is a block diagram illustrating one example of a
configuration of a resistive nonvolatile storage apparatus
according to a second embodiment;

FIG. 18 is a perspective view illustrating one example of
a configuration (corresponding to 4 bits) in a region A of the
resistive nonvolatile storage apparatus illustrated in FIG. 17;

FIG. 19 is a sectional view illustrating one example of a
configuration of a resistive nonvolatile storage device in the
resistive nonvolatile storage apparatus illustrated in FIG. 18;

FIG. 20 is a perspective view illustrating one example of
a configuration of a memory cell array having a multilayer
structure that is obtained by forming the resistive nonvolatile
storage apparatus, illustrated in FIG. 17, in multiple layers;

FIG. 21 is a block diagram illustrating one example of a
configuration of a resistive nonvolatile storage apparatus
according to a third embodiment;

FIG. 22 is a sectional view illustrating a configuration
(corresponding to 2 bits) in a region C of the resistive
nonvolatile storage apparatus illustrated in FIG. 21;

FIG. 23 is a characteristic graph representing dependency
of failed bits upon arrangement when resistive nonvolatile
storage devices of related art are arranged in the form of a
memory array;

FIG. 24 is a characteristic graph representing dependency
of failed bits upon arrangement when the resistive nonvola-
tile storage devices according to the embodiment are
arranged in the form of a memory array; and

FIG. 25 is a characteristic graph representing a measure-
ment result of a level difference between before and after
CMP (Chemical Mechanical Polishing).

DETAILED DESCRIPTION

Underlying Knowledge Forming Basis of the
Present Disclosure

The resistive nonvolatile storage element of the related art
has the problem that, when the many resistive nonvolatile
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storage elements are arranged in the form of a memory array,
variations in characteristics of the resistive nonvolatile stor-
age elements are increased in an end portion of the memory
array, and the number of failed bits is increased in the end
portion.

One non-limiting and exemplary embodiment provides a
resistive nonvolatile storage element capable of, when the
many resistive nonvolatile storage elements are arranged in
the form of a memory array, reducing variations in charac-
teristics of the resistive nonvolatile storage elements, which
may be generated in an end portion of the memory array, a
manufacturing method for the resistive nonvolatile storage
element, or a resistive nonvolatile storage device using the
plurality of resistive nonvolatile storage clements.

The inventors have conducted intensive studies with
intent to reduce variations in characteristics of a large-
capacity resistive nonvolatile storage apparatus. As a result,
the inventors have attained the following knowledge. It is to
be noted that the following knowledge is merely to aid
understanding of embodiments described later. Thus, the
present disclosure is not limited to the knowledge described
below.

Realization of the large-capacity resistive nonvolatile
storage apparatus necessitates the use of a memory array
allowing the resistive nonvolatile storage apparatus, which
is made up of many resistive nonvolatile storage devices, to
be arranged in a minimum area. The resistive nonvolatile
storage elements arranged in the memory array are
demanded to have smaller variations in characteristics of not
only the individual resistive nonvolatile storage devices
themselves, but also among those resistive nonvolatile stor-
age devices. The reason is that, as the capacity of the
memory array increases, the variations in characteristics of
the resistive nonvolatile storage devices cause greater influ-
ences upon characteristics of the entire memory array.

However, when the resistive nonvolatile storage devices
are arranged in the form of the memory array, there is a
problem that different type variations in characteristics are
generated as follows.

FIG. 23 is a characteristic graph representing dependency
of failed bits upon arrangement when resistive nonvolatile
storage devices of related art are arranged in the form of a
memory array. In FIG. 23, the horizontal axis represents an
arranged position of the resistive nonvolatile storage device
within a memory array region when the resistive nonvolatile
storage devices are arranged in the form of the memory
array. The vertical axis represents a current flowing through
the resistive nonvolatile storage device at the arranged
position. A left end of the horizontal axis in FIG. 23
corresponds to a boundary of the memory array region (i.e.,
an end of the memory array region), and a point on the
horizontal axis gradually shifting rightwards represents a
position gradually departing away from the boundary of the
memory array region (i.e., a position gradually approaching
a center of the memory array region). More specifically, the
vertical axis represents a current (relative value in terms of
A. U.) flowing through the resistive nonvolatile storage
device when the resistive nonvolatile storage device is
brought into a high resistance (HR) state and a low resis-
tance (LR) state (see an upper chart in FIG. 23), and a
current, in enlarged scale, flowing through the resistive
nonvolatile storage device when it is brought into the LR
state (see a lower chart in FIG. 23). As seen from FIG. 23,
the current flowing through the resistive nonvolatile storage
device in the LR state is increased in a boundary portion of
the memory array region (i.e., a left end portion in FIG. 23).
In other words, variations in characteristics of the resistive
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nonvolatile storage devices are increased in the boundary
portion of the memory array region. For example, in trying
to increase the memory capacity while the size of each
resistive nonvolatile storage device is maintained the same,
an area of the memory array region is increased. Accord-
ingly, the boundary portion of the memory array region is
also increased, and the above-mentioned variations in char-
acteristics appear more significantly in the boundary portion
of the memory array region.

FIG. 25 is a characteristic graph illustrating a measure-
ment result of surface unevenness between before and after
CMP (Chemical Mechanical Polishing) regarding respective
surfaces of contact plugs present in the above-mentioned
memory array region and an interlayer insulating film
formed to surround the contact plugs. The unevenness is
measured by employing a contact-type level difference
gauge. In FIG. 25, the horizontal axis represents the memory
array region and peripheral circuit regions (including a
memory cell control circuit, etc.) positioned adjacent to the
memory array region. The vertical axis represents the sur-
face unevenness (level difference height) in each of those
regions. As seen from a chart denoted by “After CMP” in
FIG. 25, the surface height of the memory array region is
recessed from those of the adjacent peripheral circuit regions
(such a height difference is also called a “global level
difference” in some cases). In particular, a steeply-falling
recess is observed in the boundary portion of the memory
array region. This is attributable to a phenomenon that
amounts by which the contact plugs are polished by the
CMP depend on an area of the exposed contact plugs
(so-called pattern density). For example, when the memory
capacity is increased by reducing the size of each resistive
nonvolatile storage device, the pattern density in the
memory array region is further increased, and an influence
of the pattern density attributable to the polishing is more
significant.

For example, within the memory array region where the
contact plugs are arranged at a high density, an exposure rate
of metal (i.e., the contact plugs) occupying the memory
array region is increased. On the other hand, outside the
memory array region, the exposure rate of metal (i.e., the
contact plugs) occupying the memory array region is
reduced and an exposure rate of the interlayer insulating film
is increased. Thus, a polishing rate by the CMP is higher in
the memory array region where the exposure rate of metal
(i.e., occupancy of the contact plugs) is higher than in the
region outside the memory array region. Accordingly, a
particularly large level difference (i.e., a large difference in
height of a surface position) is generated in the boundary
portion between the two regions subjected to different
polishing rates (i.e., in the end portion of the memory array
region). Even when a lower electrode layer is formed on
both the contact plugs and the interlayer insulating film and
a surface of the lower electrode layer is polished by CMP, it
is difficult to eliminate a similar recess in the interlayer
insulating film at a position located farther away from the
boundary portion of the memory array region toward the
inner side thereof. The above-described level difference and
recess become main factors causing variations in electric
field distribution within the resistive nonvolatile storage
device when the resistive nonvolatile storage device is
operated to change its resistance, thereby increasing varia-
tions in characteristics of the entire memory array. Such an
increase in characteristic variations increases the number of
failed bits.

However, CMP is a necessarily employed technique in a
process of manufacturing the large-capacity resistive non-
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volatile storage apparatus. Accordingly, a process technique
is demanded which can reduce the level difference in the end
portion of the memory array region and the recess in the
surface of the interlayer insulating film (i.e., the global level
difference) even when the CMP is performed.

The present disclosure is to reduce the number of failed
bits that are generated in the end portion of the memory
array region when the resistive nonvolatile storage devices
are arranged in the form of the memory array, and to provide
the large-capacity resistive nonvolatile storage apparatus
using the many resistive nonvolatile storage devices.

The resistive nonvolatile storage apparatus according to
embodiments of the present disclosure will be described
below with reference to the drawings.

It is to be noted that the following embodiments represent
specific examples of the present disclosure. Numerical val-
ues, shapes, materials, components, arrangement positions
and connection forms of the components, steps, sequences
of steps, and so on, which are described in the following
embodiments, are merely illustrative, and they are not
purported to limit the present disclosure. Among the com-
ponents in the following embodiments, those ones other than
the components not stated in independent claims, which
define most significant concepts, are described as optional
components constituting the embodiments. Descriptions of
the components denoted by the same reference symbols in
the drawings are not repeated in some cases. The drawings
are intended to depict the components in a schematic manner
for easier understanding, and shapes, dimensional ratios, etc.
are not exactly depicted in some cases. In manufacturing
methods, the sequence of individual steps, etc. may be
changed depending on practical demands, and other known
steps may be added optionally.

First Embodiment

A resistive nonvolatile storage device according to a first
aspect includes: a first interlayer insulating layer provided
above a substrate; a contact hole penetrating through the first
interlayer insulating layer; a contact layer wholly covering a
bottom surface and a sidewall surface of the contact hole and
extending to at least partially cover an upper surface of the
first interlayer insulating layer; a contact plug filled in the
contact hole, an upper surface of the contact plug being
positioned below an upper surface of the contact layer that
is provided along the upper surface of the first interlayer
insulating layer; a lower electrode provided on both the
contact plug and the contact layer that is provided along the
upper surface of the first interlayer insulating layer; and a
resistance change layer provided on the lower electrode,
resistance of the resistance change layer changing in accor-
dance with a voltage applied between the lower electrode
and an upper electrode; and the upper electrode that is
provided on the resistance change layer.

With the features described above, in the case of the
resistive nonvolatile storage devices being arranged in the
form of a memory array, even when polishing (e.g., CMP)
of a conductive layer, which constitutes a plug material, is
performed in a step of forming the contact plugs, the
conductive layer is polished in a state where the close
contact layer covering a part of the upper surface of the
interlayer insulating layer remains, on which part the contact
plug is formed. Accordingly, the interlayer insulating layer
is not polished, and surface unevenness (so-called global
level difference), including the level difference in the end
portion of the memory array region and the recess in the
surface of the interlayer insulating layer, can be suppressed.
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As a result, variations in characteristics of a large-capacity
resistive nonvolatile storage apparatus, which employs
many resistive nonvolatile storage devices, can be reduced.

The resistive nonvolatile storage device described above
may further include a second interlayer insulating layer
provided between the substrate and the first interlayer insu-
lating layer; a first wiring provided in the second interlayer
insulating layer except an upper surface thereof; and a
second wiring connected to the upper electrode. The first
wiring is in contact with a bottom surface of the contact
layer.

A side surface of the contact layer may be present in a
same plane as respective side surfaces of the lower elec-
trode, the resistance change layer, and the upper electrode.

The contact plug may be made of copper.

A film thickness of the lower electrode may be larger in
a region of the lower electrode above the contact plug than
in a region of the lower electrode above the contact layer,
and an upper surface of the lower electrode in contact with
the resistance change layer is flat.

Each of the contact layer and the lower electrode may
include a nitride.

Each of the contact layer and the lower electrode may
include a nitride of a same transition metal.

The lower electrode may have a multilayer structure.

The resistance change layer may include a metal oxide.

The resistance change layer may include a plurality of
metal oxide layers each having different oxygen content.

The plurality of metal oxide layers comprise metal oxides
of different metals.

The plurality of metal oxide layers comprise metal oxides
of a same metal.

The resistance change layer may include an oxygen-
deficient transition metal oxide.

The resistance change layer may have a multilayer struc-
ture of two or more layers having different oxygen contents.

The resistance change layer may include a tantalum
oxide.

The resistance change layer includes a first resistance
change layer comprising a first tantalum oxide, and a second
resistance change layer comprising a second tantalum oxide,
The first tantalum oxide is expressed by TaO, and the second
tantalum oxide is expressed by TaO,, following conditions
are satisfied:

0.8=x<1.9, and

X<y.

According to the first embodiment, there is also provided
a manufacturing method for a resistive nonvolatile storage
device including a resistance change element including an
upper electrode, a resistance change layer, and a lower
electrode, the resistance change layer being provided
between the upper electrode and the lower electrode, resis-
tance of the resistance change layer changing in accordance
with a voltage applied between the lower electrode and an
upper electrode, the method comprising: forming a first
interlayer insulating layer above a substrate; opening a
contact hole through the first interlayer insulating layer;
forming a contact layer along a bottom surface and a
sidewall of the contact hole and along an upper surface of
the first interlayer insulating layer; depositing a conductive
layer on the contact layer; polishing the conductive layer
until an upper surface of the contact layer is positioned
below an upper surface of the contact layer on the upper
surface of the first interlayer insulating layer, to expose an
upper surface of the contact layer, which is formed on the
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upper surface of the first interlayer insulating layer and to
expose an upper surface of the conductive layer in the
contact hole; forming a lower electrode layer on the exposed
contact layer and on a contact plug that is composed of the
conductive layer in the contact hole; after forming the lower
electrode layer, polishing an upper surface of the lower
electrode layer until a film thickness of the lower electrode
layer is larger in a region of the lower electrode layer above
the contact plug than in a region of the lower electrode layer
above the contact layer, and planarizing an upper surface of
the lower electrode layer, the upper surface of the lower
electrode layer being in contact with the resistance change
layer; forming a resistance change film layer on the pla-
narized lower electrode layer; forming an upper electrode
layer on the resistance change film; and forming the resis-
tance change element by simultaneously etching the upper
electrode layer, the resistance change film layer, the lower
electrode layer, and the contact layer, thereby respective side
surfaces of the upper electrode, the resistance change layer,
the lower electrode, and the contact layer are present in a
same plane.

With the features described above, in the case of the
resistive nonvolatile storage devices being arranged in the
form of a memory array, even when polishing (e.g., CMP)
of the conductive layer, which constitutes a plug material, is
performed in a step of forming the contact plugs, the
conductive layer is polished in a state where the close
contact layer covering a part of the upper surface of the
interlayer insulating layer remains, on which part the contact
plug is formed. Accordingly, the interlayer insulating layer
is not polished, and surface unevenness (so-called global
level difference), including the level difference in the end
portion of the memory array region and the recess in the
surface of the interlayer insulating layer, can be suppressed.
As a result, variations in characteristics of a large-capacity
resistive nonvolatile storage apparatus, which employs
many resistive nonvolatile storage devices, can be reduced.

The manufacturing method for the resistive nonvolatile
storage device may further include, before forming the first
interlayer insulating layer, forming a second interlayer insu-
lating layer on the substrate; and forming a first wiring in the
second interlayer insulating layer except an upper surface
thereof, and after forming the resistance change layer, form-
ing a second wiring connected to the upper electrode. In the
forming the contact layer, the contact layer is formed on the
first wiring, the upper surface of the first wiring being in
contact with a bottom surface of the contact layer.

The forming the lower eclectrode layer may include:
depositing a first lower electrode layer on both the contact
layer and the conductive layer; polishing an upper surface of
the first lower electrode layer to planarize the upper surface
of the lower electrode layer; and depositing a second lower
electrode layer on the planarized first lower electrode layer.

In the forming the resistance change element, the upper
electrode layer, the resistance change film layer, the lower
electrode layer, and the contact layer may be simultaneously
etched, thereby the contact layer at least partially covering
the upper surface of the first interlayer insulating layer.

The forming the resistance change layer may include:
forming a first metal oxide layer comprising an oxygen-
deficient metal oxide; and forming a second metal oxide
layer having a lower degree of oxygen deficiency than
oxygen deficiency of the first metal oxide layer.

The forming the first wiring may include: forming a first
wiring groove in the second interlayer insulating layer; and
burying a first wiring material in the first wiring groove. The
forming the second wiring may include: forming a third
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interlayer insulating layer on a side surface and an upper
surface of the resistance change element, and on the first
interlayer insulating layer; forming a second wiring groove
in the third interlayer insulating layer; and burying a second
wiring material in the second wiring groove.
[Configuration of Resistive Nonvolatile Storage Device]

FIG. 1 is a sectional view illustrating one example of a
basic configuration of a resistive nonvolatile storage device
10 according to the first embodiment.

In FIG. 1, a resistive nonvolatile storage device disposed
in the so-called memory array in a general resistive non-
volatile storage apparatus is illustrated as the resistive non-
volatile storage device 10. For simplicity of explanation,
FIG. 1 illustrates only one resistive nonvolatile storage
device (1 bit) in the memory array. The resistive nonvolatile
storage device 10 may be associated with, in addition to the
memory array, a drive circuit for driving the memory array.

The resistive nonvolatile storage device 10 according to
this embodiment includes, as main components, a first
interlayer insulating layer (interlayer insulating layer 106)
formed above a substrate, a contact hole 107 penetrating
through the first interlayer insulating layer, a close contact
layer (second close contact layer 108) covering a sidewall
and a bottom surface of the contact hole 107 and a part of
an upper surface of the first interlayer insulating layer, a
contact plug 109 filled in the contact hole 107 and positioned
below an upper surface of the close contact layer, a lower
electrode 110 formed on both the contact plug 109 and the
close contact layer that covers the part of the upper surface
of the first interlayer insulating layer, a resistance change
layer 111 formed on the lower electrode 110, and an upper
electrode 112 formed on the resistance change layer 111. The
resistive nonvolatile storage device 10 includes other
optional components in addition to the above-described
main components. The main components and the other
optional components of the resistive nonvolatile storage
device 10 according to this embodiment will be described
below.

An interlayer insulating layer 101 is formed on a semi-
conductor substrate (not illustrated) on which transistors,
etc. are formed, and it is made of a silicon oxide, for
example. The interlayer insulating film 101 corresponds to a
second interlayer insulating layer formed between the sub-
strate and the first interlayer insulating layer.

A first wiring groove 102 is formed in the interlayer
insulating layer 101, and a first close contact layer 103 and
a first metal wiring 104 are formed in the first wiring groove
102. The first metal wiring 104 corresponds to a first wiring
that is formed in the second interlayer insulating layer in a
state having an exposed surface. Here, the first close contact
layer 103 is a metal layer that makes the first metal wiring
104 reliably closely contacted with lateral and bottom sur-
faces of the first wiring groove 102. The first close contact
layer 103 has a multilayer structure of, e.g., a tantalum
nitride (having a film thickness of not less than 5 nm and not
more than 40 nm) and tantalum (having a film thickness of
not less than 5 nm and not more than 40 nm). The first metal
wiring 104 is formed of a copper wire. The first metal wiring
104 may be made of a metal (e.g., aluminum) other than
coppet.

A liner layer 105 is formed to cover at least the exposed
surface of the first metal wiring 104. On that occasion, the
liner layer 105 may be formed on an exposed surface of the
first close contact layer 103 and on the interlayer insulating
layer 101 as well. The liner layer 105 is made of, e.g., silicon
nitride (Si N) or silicon carbonitride (SiCN) (having a film
thickness of not less than 20 nm and not more than 100 nm,
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for example). The liner layer 105 functions as an insulating
film to avoid oxidation of the exposed surface of the first
metal wiring 104.

The interlayer insulating layer 106 (first interlayer insu-
lating layer) is formed on the liner layer 105, and it is made
of, e.g., a silicon oxide (having a film thickness of not less
than 100 nm and not more than 500 nm). The interlayer
insulating layer 106 corresponds to the first interlayer insu-
lating layer formed above the substrate.

The contact hole 107 (having a diameter of 50 to 200
nm¢) is formed to penetrate through the liner layer 105 and
the interlayer insulating layer 106 such that the liner layer
105 is exposed. The contact hole 107 corresponds to a
contact hole penetrating through the first interlayer insulat-
ing layer.

The second close contact layer 108 is formed to cover
inner lateral and bottom surfaces of the contact hole 107 and
a part of the upper surface of the interlayer insulating layer
106, and to be contact with the first metal wiring 104. The
second close contact layer 108 is made of, e.g., tantalum
nitride (having a film thickness of not less than 5 nm and not
more than 20 nm). The second close contact layer 108
corresponds to a close contact layer covering the sidewall
and the bottom surface of the contact hole and a part of the
upper surface of the first interlayer insulating layer. Here, the
second close contact layer 108 is a metal layer that makes
the contact plug 109 reliably closely contacted with the inner
lateral and bottom surfaces of the contact hole 107.

The contact plug 109 is buried and filled inside the second
close contact layer 108 within the contact hole 107. The
contact plug 109 is made of, e.g., copper or tungsten. The
contact plug 109 corresponds to a contact plug that is filled
in the contact hole and positioned under an upper surface of
the close contact layer.

A resistance change element 113 is formed on the second
close contact layer 108 and the contact plug 109.

The resistance change element 113 includes the lower
electrode (first electrode) 110, the resistance change layer
111, and the upper electrode (second electrode) 112. The
lower electrode 110 corresponds to a lower electrode formed
on both the contact plug and the close contact layer that
covers a part of the upper surface of the first interlayer
insulating layer. The resistance change layer 111 corre-
sponds to a resistance change layer formed on the lower
electrode. The upper electrode 112 corresponds to an upper
electrode formed on the resistance change layer. Here, a film
thickness of the lower electrode 110 is larger in a region
above the contact plug 109 than in a region above the second
close contact layer 108, and a surface of the lower electrode
110 in contact with the resistance change layer 111 is flat.

The resistance change layer 111 is a layer that is inter-
posed between the lower eclectrode 110 and the upper
electrode 112, and that has a resistance value reversibly
changed in accordance with an electric signal applied
between the lower electrode 110 and the upper electrode
112. For example, the resistance change layer 111 is a layer
that is caused to reversibly transit between a high resistance
state and a low resistance state in accordance with, e.g.,
polarity of an electric signal (e.g., a pulse voltage) applied
between the lower electrode 110 and the upper electrode
112. In FIG. 1, the resistance change layer 111 has a
two-layer structure made of a first resistance change layer
111a connected to the lower electrode 110, and a second
resistance change layer 1115 connected to the upper elec-
trode 112.

The first resistance change layer 111a is made of an
oxygen-deficient first metal oxide, and the second resistance
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change layer 1115 is made of a second metal oxide having
a lower degree of oxygen deficiency than the first metal
oxide. Minute local regions where the degree of oxygen
deficiency is reversibly changed in accordance with the
application of the electric pulse are formed in the second
resistance change layer 1115 of the resistance change ele-
ment 113. It is thought that those local regions include
filaments (electrically conductive paths) constituted by oxy-
gen defect sites.

A resistance change phenomenon in the resistance change
layer of the multilayer structure is presumably attributable to
that, with the occurrence of oxidation-reduction reactions in
the minute local regions formed in the second metal oxide
having relatively high resistance, the filaments in the local
regions are changed and the resistance value of the resis-
tance change layer 111 is also changed.

In more detail, when a positive voltage is applied to the
upper electrode 112, which is connected to the second metal
oxide, with the lower electrode 110 being a reference,
oxygen ions in the resistance change layer 111 are attracted
toward the second metal oxide. This causes an oxidation
reaction in the minute local regions formed in the second
metal oxide, thus reducing a degree of the oxygen defi-
ciency. As a result, the filaments in the local regions become
less apt to couple with each other, and the resistance value
of the resistance change layer 111 is increased.

To the contrary, when a negative voltage is applied to the
upper electrode 112, which is connected to the second metal
oxide, with the lower electrode 110 being a reference,
oxygen ions in the second metal oxide are pushed toward the
first metal oxide. This causes a reduction reaction in the
minute local regions formed in the second metal oxide, thus
increasing a degree of the oxygen deficiency. As a result, the
filaments in the local regions become more apt to couple
with each other, and the resistance value the resistance
change layer 111 is reduced.

The lower electrode 110 may be made of the same
material as that of the second close contact layer 108. The
lower electrode 110 and the second close contact layer 108
may be each a nitride of a transition metal. The nitride of
transition metal may be, e.g., tantalum nitride (TaN) or
titanium nitride (TiN).

When the lower electrode 110 and the second close
contact layer 108 are made of the same material, the
resistance change element 113 can be more easily processed
in a step of processing the resistance change element 113 by
dry etching, as well as processing of the lower electrode 110
and the second close contact layer 108.

An interlayer insulating layer 114 (third interlayer insu-
lating layer) is formed on the interlayer insulating layer 106
and the resistance change element 113. In the interlayer
insulating layer 114, a second wiring groove 115 is formed
above the upper electrode 112. A third close contact layer
116 is formed on lateral and bottom surfaces of the second
wiring groove 115. Here, the third close contact layer 116 is
a metal layer that makes a second metal wiring 117 reliably
closely contacted with inner lateral and bottom surfaces of
the second wiring groove 115. The second metal wiring 117
is formed on the third close contact layer 116. The upper
electrode 112 constituting the resistance change element 113
is electrically connected to the second metal wiring 117
through the third close contact layer 116. The third close
contact layer 116 has, for example, a multilayer structure
made of films of tantalum and a tantalum nitride (each
having a film thickness of not less than 5 nm and not more
than 20 nm). The second metal wiring 117 is made of a
copper wire. The second metal wiring 117 may be made of
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ametal (e.g., aluminum) other than copper. While the second
metal wiring 117 is illustrated in FIG. 1 as extending in the
same direction as the first metal wiring 104, the second
metal wiring 117 may be formed to extend in a direction
perpendicular to the first metal wiring 104.

Because the above-mentioned layers constituting the
resistance change element 113 are processed simultaneously
by dry etching with a hard mask (not illustrated) disposed on
the upper electrode 112, respective lateral surfaces (end
surfaces) of those layers are positioned in the same plane and
are linearly connected to each other when viewed from a
side. In other words, respective lateral surfaces of the close
contact layer covering a part of the upper surface of the first
interlayer insulating layer, the lower electrode, the resistance
change layer, and the upper electrode are present in the same
plane.

The terms used here are defined as follows.

The term “degree of oxygen deficiency” implies a rate of
oxygen in a metal oxide, which is deficient with respect to
an amount of oxygen used to constitute the metal oxide of
stoichiometric composition (when there is a plurality of
stoichiometric compositions, the stoichiometric composition
having a maximum resistance value among them). The metal
oxide of the stoichiometric composition is more stable than
metal oxides of other compositions and has a higher resis-
tance value than the latter metal oxides.

In the case of the metal being tantalum (Ta), for example,
an oxide of the stoichiometric composition according to the
above-described definition is Ta,O5. Thus, it can be
expressed by TaO, 5. The degree of oxygen deficiency of
TaO, 5 is 0%, and the degree of oxygen deficiency of TaO),
is given by (2.5-1.5)/2.5=40%. In an oxygen-excessive
metal oxide, the degree of oxygen deficiency takes a nega-
tive value. In this specification, the degree of oxygen defi-
ciency is employed as including a positive value, 0, and a
negative value unless otherwise specified.

An oxide having a smaller degree of oxygen deficiency
exhibits a higher resistance value because it is closer to the
oxide of the stoichiometric composition. On the other hand,
an oxide having a larger degree of oxygen deficiency exhib-
its a lower resistance value because it is closer to the metal
constituting the oxide.

The term “oxygen content” implies a ratio of oxygen
atoms to a total number of atoms. The oxygen content of
Ta,Ojs, for example, is given by a ratio of oxygen atoms to
a total number of atoms, i.e., (O/(Ta+0)), and it is 71.4 atm
%. Accordingly, the oxygen content of the oxygen-deficient
tantalum oxide is larger than 0 and smaller than 71.4 atm %.
For example, when a metal constituting the first metal oxide
and a metal constituting the second metal oxide are of the
same type, the oxygen content and the degree of oxygen
deficiency are in linked relation. Stated in another way, when
the oxygen content of the second metal oxide is larger than
that of the first metal oxide, the degree of oxygen deficiency
in the second metal oxide is smaller than that in the first
metal oxide. The resistance change layer 111 may be made
of an oxygen-deficient transition metal oxide (e.g., an oxy-
gen-deficient tantalum oxide). The term “oxygen-deficient
transition metal oxide” implies an oxide in which, on an
assumption that a transition metal is denoted by M, oxygen
is denoted by O, and a transition metal oxide is denoted by
MO,, a composition x of the oxygen O is smaller (usually in
a state of a semiconductor) than that in a stoichiometrically
stable state (usually an insulator). When the transition metal
being tantalum, for example, Ta,O5 corresponds to a stoi-
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chiometrically stable state. Accordingly, in the case of
0<x<2.5, the tantalum oxide can be said as being oxygen-
deficient.

When the oxygen-deficient transition metal oxide is used
as the resistance change layer 111, the resistance change
layer 111 is formed by the so-called reactive sputtering
method in which sputtering is performed in an atmosphere
of argon gas and oxygen gas by employing tantalum as a
target. In the reactive sputtering, an oxygen concentration in
the resistance change layer 111 is controlled by adjusting a
flow rate of oxygen. The oxygen content of the resistance
change layer 111 may be controlled to, e.g., 44.4 to 65.5 atm
% (i.e., 0.8=x=<1.9 in terms of TaO,).

By employing the resistance change layer 111 made of the
above-described oxygen-deficient tantalum oxide, and by
applying predetermined electric pulses (e.g., pulse voltages)
in different polarities between the upper electrode 112 and
the lower electrode 110, the resistive nonvolatile storage
device can be realized which utilizes the resistance change
phenomenon, which can reversibly change its electrical
resistance value, and which has a stable rewrite character-
istic. When the tantalum oxide is used as each of the first
resistance change layer 111a and the second resistance
change layer 1115, the oxygen content of the first resistance
change layer 11la may be 444 to 65.5 atm % (i.e.,
0.8=x=1.9 when the tantalum oxide is denoted by TaO,), and
the oxygen content of the second resistance change layer
1115 may satisfy x<y when a tantalum oxide to provide an
oxygen content higher than that of the first resistance change
layer 111a is denoted by TaO,,. By setting the oxygen content
of the second resistance change layer 11156 connected to the
upper electrode 112 to be higher than the oxygen content of
the first resistance change layer 111a, resistance change due
to oxidation and reduction is more apt to occur near the
interface between the second resistance change layer 1115
and the upper electrode 112. As a result, the resistance
change element 113 is realized which can be driven at a
relatively low voltage, and which has stable resistance
change characteristics. The resistance change layer 111 is
not limited to the two-layer structure illustrated in FIG. 1,
and it may have a structure of a single layer or three or more
layers.

The metal constituting the resistance change layer 111
may be a metal other than tantalum. A transition metal or
aluminum (Al) may be used as the metal constituting the
resistance change layer 111. The transition metal may be, for
example, tantalum (Ta), titanium (T1), hafnium (Hf), zirco-
nium (Zr), niobium (Nb), tungsten (W), or nickel (Ni).
Because the transition metal can take a plurality of oxidation
states, it is possible to realize different resistance states with
oxidation-reduction reactions.

As described above, the first resistance change layer 111a
is made of the oxygen-deficient first metal oxide, and the
second resistance change layer 1115 is made of the second
metal oxide having a lower degree of oxygen deficiency than
that of the first metal oxide.

In the case of employing, for example, a hathium oxide as
the resistance change layer 111, the resistance value of the
resistance change layer 111 can be stably changed at a high
speed when x is not less than 0.9 and not more than 1.6 on
an assumption that the composition of the first metal oxide
is expressed by HfO,, and when y has a larger value than x
on an assumption that the composition of the second metal
oxide is expressed by HfO,. In that case, the second metal
oxide may have a film thickness of not less than 3 nm and
not more than 4 nm.
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When the hafnium oxide is used, the first resistance
change layer (first hafnium oxide layer) is formed on the first
electrode by the so-called reactive sputtering method in
which sputtering is performed in an atmosphere of argon gas
and oxygen gas by employing a Hf target. The second
resistance change layer (second hathium oxide layer) can be
formed by, after forming the first hafnium oxide layer,
exposing a surface of the first hathium oxide layer to plasma
of'argon gas and oxygen gas. The oxygen content of the first
hafnium oxide layer can be easily adjusted by changing a
flow rate ratio of the oxygen gas to the argon gas during the
reactive sputtering as in the above-described case of
employing the tantalum oxide. Such processing can be
performed at a room temperature without particularly heat-
ing a substrate. Furthermore, a film thickness of the second
hafnium oxide layer can be easily adjusted depending on a
time of exposure to the plasma of argon gas and oxygen gas.

In the case of employing a zirconium oxide, the resistance
value of the resistance change layer can be stably changed
at a high speed when x is not less than 0.9 and not more than
1.4 on an assumption that the composition of the first metal
oxide is expressed by ZrO,, and when y has a larger value
than x on an assumption that the composition of the second
metal oxide is expressed by ZrO,. In that case, the second
metal oxide may have a film thickness of not less than 1 nm
and not more than 5 nm. When the zirconium oxide is used,
a first zirconium oxide layer is formed on the underlying first
electrode by the so-called reactive sputtering method in
which sputtering is performed in an atmosphere of argon gas
and oxygen gas by employing Zr as a target. A second
zirconium oxide layer can be formed by, after forming the
first zirconium oxide layer, exposing a surface of the first
zirconium oxide layer to plasma of argon gas and oxygen
gas. The oxygen content of the first zirconium oxide layer
can be easily adjusted by changing a flow rate ratio of the
oxygen gas to the argon gas during the reactive sputtering as
in the above-described case of employing the tantalum
oxide. Such processing can be performed at a room tem-
perature without particularly heating a substrate. Further-
more, a film thickness of the second zirconium oxide layer
can be easily adjusted depending on a time of exposure to
the plasma of argon gas and oxygen gas.

Different metals may be used as the first metal constitut-
ing the first metal oxide and the second metal constituting
the second metal oxide. In such a case, the second metal
oxide may have a lower degree of oxygen deficiency, i.e.,
higher resistance, than the first metal oxide. With such a
feature, the voltage applied between the first electrode and
the second electrode during the resistance change is distrib-
uted to the second metal oxide at a greater proportion, thus
enabling the oxidation-reduction reactions to be more easily
caused in the second metal oxide.

When different materials are used as the first metal
constituting the first metal oxide serving as the first resis-
tance change layer and the second metal constituting the
second metal oxide serving as the second resistance change
layer, the standard electrode potential of the second metal
may be lower than that of the first metal. The standard
electrode potential has such a characteristic that oxidation is
less apt to occur at a higher value of the standard electrode
potential. Thus, the oxidation-reduction reactions are more
apt to occur in the second metal oxide that has a relatively
low standard electrode potential. The resistance change
phenomenon is presumably attributable to that, with the
occurrence of oxidation-reduction reactions in the minute
local regions formed in the second metal oxide having
relatively high resistance, the filaments (electrically conduc-
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tive paths) in the local regions are changed and the resistance
value (degree of oxygen deficiency) of the second metal
oxide is also changed.

A stable resistance change operation can be obtained, for
example, by employing an oxygen-deficient tantalum oxide
(TaO,) as the first metal oxide and a titanium oxide (TiO,)
as the second metal oxide. Titanium (standard electrode
potential=—1.63 eV) is a material having a standard elec-
trode potential lower than that of tantalum (standard elec-
trode potential=—0.6 e¢V). Thus, the oxidation-reduction
reactions are more apt to occur in the second metal oxide by
employing, as the second metal oxide, a metal oxide having
a standard electrode potential lower than that of the first
metal oxide. As another combination, an aluminum oxide
(AL,O;) can be used as the second metal oxide that serves as
a high resistance layer. For example, the oxygen-deficient
tantalum oxide (TaO,) may be used as the first metal oxide,
and the aluminum oxide (Al,O;) may be used as the second
metal oxide. The upper electrode 112 connected to the
second metal oxide having a lower degree of oxygen defi-
ciency is made of, e.g., platinum (Pt), iridium (Ir), or
palladium (Pd). The standard electrode potential of a metal
constituting the upper electrode 112 may be higher than that
of a metal constituting the second metal oxide and that of a
material constituting the lower electrode 110. The lower
electrode 110 is connected to the first metal oxide having a
higher degree of oxygen deficiency. The standard electrode
potential of a material constituting the lower electrode 110
may be lower than that of a metal constituting the first metal
oxide. The lower electrode 110 may be made of, e.g.,
tungsten (W), nickel (Ni), tantalum (Ta), titanium (Ti),
aluminum (Al), tantalum nitride (TaN), or titanium nitride
(TiN). The standard electrode potential has such a charac-
teristic that oxidation is less apt to occur at a higher value of
the standard electrode potential.

Thus, given that the standard electrode potential of the
upper electrode 112 is V2, the standard electrode potential of
the metal constituting the second metal oxide is Vr2, the
standard electrode potential of the metal constituting the first
metal oxide is Vrl, and the standard electrode potential of
the lower electrode 110 is V1, those parameters may satisfy
relations of Vr2<V2 and V1<V2. Moreover, those param-
eters may satisfy relation of V2>Vr2 and Vrl=V1.

As a difference in the standard electrode potential
between the electrode and the metal constituting the resis-
tance change layer increases, the oxidation reaction is more
apt to occur in the resistance change layer, and therefore the
resistance change is also more apt to occur in the resistance
change layer. Conversely, as that difference decreases, the
resistance change is less apt to occur due to the occurrence
of the oxidation reaction in the electrode. It is hence pre-
sumed that easiness in oxidation of the resistance change
layer at the interface between the electrode and the resis-
tance change layer takes a great role in mechanism causing
the resistance change phenomenon. The standard electrode
potentials of iridium and platinum are about 1.2 eV. The
standard electrode potential of tantalum is about -0.6 ¢V and
is lower than those of iridium and platinum. Accordingly,
when the upper electrode 112 is made of iridium or platinum
and the resistance change layer 111 is made of the oxygen-
deficient tantalum oxide, oxidation and reduction reactions
of the oxygen-deficient tantalum oxide occur at the interface
between the upper electrode 112 made of iridium or plati-
num and the resistance change layer 111 (specifically, the
second resistance change layer 1115). As a result, oxygen is
transferred within the resistance change layer 111 and
between the resistance change layer 111 and the upper
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electrode 112, whereby the resistance change phenomenon
is developed. Materials having higher standard electrode
potentials than tantalum are, for example, iridium, platinum,
palladium, copper, and tungsten.

With the features described above, the oxidation and
reduction reactions are selectively generated in the second
metal oxide near the interface between the upper electrode
and the second metal oxide, and the resistance change
phenomenon is obtained in a stable state.

[Manufacturing Method]

FIGS. 2 to 15 are each a sectional view to explain a step
in one example of a manufacturing method for the resistive
nonvolatile storage device 10 according to the first embodi-
ment. The manufacturing method for the resistive nonvola-
tile storage device 10 according to the first embodiment will
be described below with reference to FIGS. 2 to 15. In other
words, the manufacturing method for the resistive nonvola-
tile storage device including the resistance change element,
which is constituted by the upper electrode, the resistance
change layer, and the lower electrode, will be described
below.

First, as illustrated in FIG. 2, the interlayer insulating
layer 101 (second interlayer insulating layer) made of a
silicon oxide is formed by plasma CVD, for example, on a
semiconductor substrate (not illustrated) on which transis-
tors, etc. are formed in advance. A step of forming the
second interlayer insulating layer on the substrate is thus
carried out.

Then, as illustrated in FIG. 3, the first wiring groove 102
in which the first metal wiring 104 is to be buried is formed
in the interlayer insulating layer 101 by photolithography
and dry etching.

Then, as illustrated in FIG. 4, a first barrier metal layer
(having a multilayer structure of, e.g., a tantalum oxide (film
thickness of not less than 5 nm and not more than 40 nm) and
tantalum (film thickness of not less than 5 nm and not more
than 40 nm), which becomes the first close contact layer 103,
and copper forming a seed layer of a wiring material (film
thickness of not less than 50 nm and not more than 300 nm)
are deposited in the first wiring groove 102 by sputtering, for
example. Subsequently, copper is further deposited on the
copper seed layer by electrolytic plating, for example, such
that the wiring material, i.e., copper, fully fills the first
wiring groove 102 on which lateral and bottom surfaces the
first close contact layer 103 is formed. Thereafter, extra
copper in a surface portion of the deposited copper is
removed by CMP (Chemical Mechanical Polishing), and an
upper surface of the interlayer insulating layer 101 and an
upper surface of the first metal wiring 104 are made flush
with each other. The first metal wiring 104 is formed by the
above-described manufacturing method. A step of forming
the first wiring, which is positioned in the second interlayer
insulating layer in a state having an exposed surface, is thus
carried out. Here, the step of forming the first wiring
includes a step of forming the first wiring groove in the
second interlayer insulating layer, and a step of burying the
first wiring material in the first wiring groove.

Then, as illustrated in FIG. 5, a silicon nitride (insulating
layer) is deposited (in film thickness of not less than 20 nm
and not more than 100 nm) on the upper surface of the
interlayer insulating layer 101 and an upper surface of the
first metal wiring 104 by plasma CVD, for example. The
liner layer 105 covering the interlayer insulating layer 101
and the first metal wiring 104 is thereby formed. Subse-
quently, the interlayer insulating layer 106 (first interlayer
insulating layer) made of an silicon oxide is further depos-
ited on the liner layer 105 by plasma CVD, for example. If
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necessary, a level difference in an upper surface of the
interlayer insulating layer 106 is reduced by CMP. A step of
forming the first interlayer insulating layer above the sub-
strate is thus carried out.

Then, as illustrated in FIG. 6, the contact hole 107 in
which a plug connected to the first metal wiring 104 is to be
buried is formed at a predetermined position on the first
metal wiring 104 by photolithography and dry etching. A
step of opening a contact hole through the first interlayer
insulating layer is thus carried out.

Then, as illustrated in FIG. 7, the second close contact
layer 108 having a multilayer structure of a tantalum nitride
(film thickness of not less than 5 nm and not more than 40
nm) and tantalum (film thickness of not less than 5 nm and
not more than 40 nm), and copper (Cu) 109 as a wiring
material forming a second conductive layer (film thickness
of not less than 50 nm and not more than 300 nm) are
deposited on the interlayer insulating layer 106, as well as on
inner surfaces of the contact hole 107 formed as described
above, by sputtering, for example. Subsequently, copper is
further deposited by electrolytic plating, for example, with
the previously deposited copper used as a seed, whereby
copper is deposited inside the contact hole 107 and on the
second close contact layer 108. A step of forming the close
contact layer that covers a sidewall and a bottom surface of
the contact hole and an upper surface of the first interlayer
insulating layer, and a step of depositing a conductive layer
on the close contact layer, which covers the sidewall and the
bottom surface of the contact hole and the upper surface of
the first interlayer insulating layer, are thus carried out. In the
step of forming the close contact layer, the close contact
layer is formed such that the first wiring (first metal wiring
104) is contacted with a bottom surface of the close contact
layer.

Then, as illustrated in FIG. 8, the contact plug 109 is
formed by removing only extra copper present on an upper
surface of the second close contact layer 108 by CMP using
slurry, which exhibits a lower polishing rate for the tantalum
nitride than that for the copper film, i.e., which has high
selectivity for the tantalum nitride. In other words, the CMP
is performed in a way of maintaining a state where the
second close contact layer 108 covers the interlayer insu-
lating layer 106. Namely, during the CMP, the respective
upper surfaces of the interlayer insulating layer 106 and the
first metal wiring 104 are held in a state entirely covered
with the second close contact layer 108 and the contact plug
109. A step of polishing the conductive layer to expose an
upper surface of the close contact layer, which is formed on
the first interlayer insulating layer, and to make an upper
surface of the conductive layer exposed inside the contact
hole is thus carried out.

The above step provides a state where the upper surface
of the interlayer insulating layer 106 is not exposed, and
where an entire upper surface is covered with metal films
(i.e., the second close contact layer 108 and the contact plug
109) regardless of an opening ratio (pattern density) of the
contact plug 109. Accordingly, there is no region in which
the pattern density of the contact plug is abruptly changed
like the end portion of the memory array region mentioned
above. It is hence possible, in principle, to suppress the
above-described global level difference.

Next, as illustrated in FIGS. 9 to 12, the resistance change
element 113 is formed on the respective upper surfaces of
the second close contact layer 108 and the contact plug 109.

First, as illustrated in FIG. 9, a lower electrode layer 110
(film thickness of not less than 10 nm and not more than 30
nm) made of a tantalum nitride is deposited on both the
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contact plug 109 and the second close contact layer 108 by
sputtering, for example. A step of forming the lower elec-
trode layer on both the exposed close contact layer and the
contact plug, which is formed of the conductive layer in the
contact hole, is thus carried out.

After depositing the tantalum nitride and forming the
lower electrode layer 110', CMP is carried out to planarize
an upper surface of the deposited tantalum nitride, as illus-
trated in FIG. 10. This is intended to remove a recess
(concave portion) formed above the contact plug 109 having
the recessed upper surface that has been generated by the
CMP of the copper film. A step of, after forming the lower
electrode layer, polishing an upper surface of the lower
electrode layer to set a film thickness of the lower electrode
layer to be larger in a region above the contact plug than in
a region above the close contact layer, and to planarize a
surface of the lower electrode layer, which surface is in
contact with the resistance change layer, is thus carried out.

The lower electrode layer 110' may be formed in a
two-layer structure to remove the recess (concave portion)
formed above the contact plug 109 having the recessed
upper surface that has been generated by the CMP of the
copper film. More specifically, the recess formed above the
contact plug 109 may be removed by depositing a first lower
electrode layer 110a' (not illustrated), and then polishing an
upper surface of the first lower electrode layer 1104' by CMP
to planarize the upper surface of the first lower electrode
layer 110a'. With that processing, the operation of the
resistance change element can be stabilized. Thereafter, a
second lower electrode layer 1104' (not illustrated) may be
deposited on the first lower electrode layer 110a', of which
upper surface has been planarized, by sputtering, for
example. This eliminates the necessity of polishing an upper
surface of the second lower electrode layer by CMP. It is
hence possible to avoid the upper surface of the second
lower electrode layer from being oxidized by the influence
of slurry used in the CMP, and to control an oxygen
concentration at the interface between a second lower elec-
trode, which is formed by the second lower electrode layer,
and the resistance change layer 111 to be formed thereon
later.

As described above, a step of forming the lower electrode
layer may include a step of depositing the first lower
electrode layer on both the close contact layer and the
conductive layer, a step of polishing the surface of the first
lower electrode layer to planarize the relevant surface, and
a step of depositing the second lower electrode layer on the
planarized first lower electrode layer.

Then, as illustrated in FIG. 11, a resistance change thin
film 111' is deposited by the so-called reactive sputtering
method in which sputtering is performed in an atmosphere
of argon gas and oxygen gas by employing tantalum as a
target. A step of forming the resistance change thin film on
the planarized lower electrode layer is thus carried out. Here,
an oxygen concentration in a layer forming the resistance
change thin film is controlled to 45 to 65 atm % by adjusting
a flow rate of oxygen. As a result, a specific resistance of an
oxygen-deficient first resistance change thin film 111a' can
be controlled to 0.5 to 20 mQ-cm. By setting the oxygen
concentration to 60 atm %, for example, the first resistance
change thin film 111« having the specific resistance of about
2 mQ-cm can be formed. In addition, a second resistance
change thin film 1115' (e.g., a Ta,O; layer) having a higher
oxygen content than the first resistance change thin film
111¢' may be formed in a film thickness of not less than 2
nm and not more than 12 nm by oxidizing a surface of the
first resistance change thin film 111«'. Stated in another way,
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a step of forming the resistance change layer may include a
step of forming a first metal oxide layer made of an
oxygen-deficient metal oxide, and a step of forming a second
metal oxide layer having a lower degree of oxygen defi-
ciency than the first metal oxide layer.

While the resistance change thin film 111' has been
described above, by way of example, as having the two-
layer structure, it may have a single-layer structure. Alter-
natively, the resistance change thin film 111' may be formed
in a structure of three or more layers by adjusting the flow
rate of oxygen as appropriate.

Next, an upper electrode layer 112' (film thickness of not
less than 20 nm and not more than 50 nm) made of, e.g.,
iridium is deposited on the resistance change thin film 111'
by sputtering, for example. A step of forming the upper
electrode layer on the resistance change thin film is thus
carried out. The upper electrode 112' may be deposited by
employing another noble metal, e.g., platinum or palladium,
other than iridium. Moreover, on the upper electrode layer
112' containing the noble metal, any of a tantalum nitride, a
titanium nitride, and a titanium-aluminum nitride may be
deposited (though not illustrated) to stack a horizontally-
extending conductive film that is to be used as a hard mask
during dry etching. The conductive hard mask is formed by
sputtering, for example.

Then, as illustrated in FIG. 12, the upper electrode layer
112', the resistance change thin film 111", the lower electrode
layer 110", and the second close contact layer 108, the former
threes having been formed in the step illustrated in FIG. 11,
are processed (for patterning) by photolithography and dry
etching. As a result, the resistance change element 113 is
formed which is connected to the contact plug 109, and
which has an independent dot-like shape (e.g., a square
shape having sides each being of not less than 40 nm and not
more than 400 nm, for example, 120 nm, when viewed from
above). On that occasion, by simultaneously dry-etching the
upper electrode layer 112", the resistance change thin film
111", the lower electrode layer 110', and the second close
contact layer 108, lateral surfaces of the resistive nonvolatile
storage device can be directly formed at a time, and depo-
sition of a protective layer (not illustrated) on the lateral
surfaces is facilitated. A step of forming the resistance
change layer by simultaneously processing the upper elec-
trode layer, the resistance change thin film, the lower elec-
trode layer, and the close contact layer into a state where
respective lateral surfaces of the upper electrode layer, the
resistance change thin film, the lower electrode layer, and
the close contact layer are present in the same plane is thus
carried out. In that step, the upper electrode layer, the
resistance change thin film, the lower electrode layer, and
the close contact layer are simultaneously etched into a state
of the close contact layer covering just a part of the upper
surface of the first interlayer insulating layer.

Then, as illustrated in FIG. 13, an interlayer insulating
layer 114 made of, e.g., a silicon oxide is deposited on the
resistance change element 113 and the interlayer insulating
layer 106 by plasma CVD, for example.

Then, as illustrated in FIG. 14, the second wiring groove
115 is formed in the interlayer insulating layer 114 by
photolithography and dry etching. The second wiring groove
115 is formed such that the upper electrode 112 is exposed.
Though not illustrated in FIG. 14, a contact hole for con-
nection to the first metal wiring 104 is opened by the dual
damascene process at the same time as forming the second
wiring groove 115.

Then, as illustrated in FIG. 15, the third close contact
layer 116 and copper serving as a seed layer are deposited in
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the second wiring groove 115 by sputtering, for example,
under the same conditions as those in the above-described
step of burying the first metal wiring 104 in the first wiring
groove 102. The third close contact layer 116 may have a
multilayer structure of; e.g., a tantalum nitride (having a film
thickness of not less than 5 nm and not more than 40 nm) and
tantalum (having a film thickness of not less than 5 nm and
not more than 40 nm). The copper serving as the seed layer
may have a film thickness of not less than 50 nm and not
more than 300 nm. Subsequently, copper is further deposited
by electrolytic plating, for example, using the copper of the
copper seed layer as a seed such that a wiring material, i.e.,
copper, fully fills the second wiring groove 115 on which
lateral and bottom surfaces the third close contact layer 116
is formed. Thereafter, extra copper and the third close
contact layer 116 on an upper surface of the interlayer
insulating layer 114 are removed by CMP, and the upper
surface of the interlayer insulating layer 114 and an upper
surface of the second metal wiring 117 are made flush with
each other. As a result, the second metal wiring 117 is
formed. A step of forming the second wiring connected to
the upper electrode is thus carried out. Here, the step of
forming the second wiring includes a step of forming the
third interlayer insulating layer on the lateral and upper
surfaces of the resistance change element, which is consti-
tuted by the upper electrode, the resistance change layer, and
the lower electrode, and on the first interlayer insulating
layer, a step of forming the second wiring groove in the third
interlayer insulating layer, and a step of burying the second
wiring material in the second wiring groove.

FIG. 24 is a characteristic graph representing the effect of
suppressing characteristic variations in a memory array
using the resistive nonvolatile storage devices 10 according
to the embodiment, which are manufactured by the above-
described manufacturing method. When the resistive non-
volatile storage devices of related art are arranged in the
form of a memory array, variations of a cell current appear
in the end portion of the memory array region, and the cell
current is increased (see FIG. 23). This causes an operation
failure. The reason is that, in the resistive nonvolatile storage
device of related art, when the second close contact layer
108 on the interlayer insulating layer 106 is removed by
CMP in the step of forming the contact plug 109 by the CMP,
the surface of the interlayer insulating layer 106 is also
polished, and the above-described global level difference
(i.e., unevenness in the surface of the interlayer insulating
layer attributable to the pattern density of the contact plugs)
is caused.

In contrast, in the resistive nonvolatile storage device 10
according to this embodiment, after forming the second
close contact layer 108 on the interlayer insulating layer 106,
the lower electrode layer 110' is deposited on both the
second close contact layer 108 and the contact plug 109 in
a state where the second close contact layer 108 is left as it
is (FIG. 9), and the upper surface of the lower electrode layer
110' is then planarized by CMP (FIG. 10). Accordingly, it is
possible in principle to suppress the above-described global
level difference that has been generated in the resistive
nonvolatile storage device of the related art in the step of
forming the contact plugs by CMP, and to reduce charac-
teristic variations of the resistive nonvolatile storage devices
in the memory array region. Hence the number of failed bits
in the resistance change operation can be reduced to a large
extent, and stability of the manufacturing process can be
improved.

The upper electrode 112 may be made of any metal
selected from platinum, copper, tungsten, iridium, and pal-
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ladium, or a combination or an alloy of two or more of those
metals. Using such an alloy to constitute the electrode on the
side connected to the second resistance change layer 1115 of
the resistance change layer 111 is effective in suppressing
reduction and variations of an initial resistance value, and
holding an initial breakdown voltage low.

While, in the first embodiment, the first metal wiring 104
and the second metal wiring 117 are arranged to extend
parallel as illustrated in FIG. 1, the arrangement of the metal
wirings is not limited to the illustrated one. Those metal
wirings may extend perpendicularly to each other. FIG. 16A
is a plan view of resistive nonvolatile storage devices 10
according to a modification of the first embodiment in which
the first metal wiring 104 and the second metal wiring 117
extend perpendicularly to each other. In other words, FIG.
16A is a plan view of four resistive nonvolatile storage
devices 10 arranged in a specific array. FIG. 16B is a
sectional view of the resistive nonvolatile storage device
taken along a section line XVIB-XVIB in FIG. 16 A when
viewed in a direction denoted by an illustrated arrow. FIG.
16C is a sectional view of the resistive nonvolatile storage
device taken along a section line XVIC-XVIC in FIG. 16A
when viewed in a direction denoted by an illustrated arrow.

In this modification, as illustrated in FIG. 16A, two
second metal wirings 117 extending parallel to each other
are formed above two first metal wirings 104 extending
parallel to each other.

As illustrated in FIG. 16B, in a cross-section taken along
the section line XVIB-XVIB in FIG. 16A, the second metal
wiring 117 extends perpendicularly to the first metal wiring
104 unlike the sectional structure illustrated in FIG. 1.

As illustrated in FIG. 16C, in a cross-section taken along
the section line XVIC-XVIC in FIG. 16A, the first metal
wiring 104 extends perpendicularly to the second metal
wiring 117 unlike the sectional structure illustrated in FIG.
1.

Even the resistive nonvolatile storage device 10 according
to the modification, illustrated in FIGS. 16A to 16C, is also
manufactured by a manufacturing method similar to that
used in the above first embodiment except for directions in
which the first metal wiring 104 and the second metal wiring
117 are arranged. Thus, in the resistive nonvolatile storage
device 10 according to this modification, after forming the
second close contact layer 108 on the interlayer insulating
layer 106, the lower electrode layer 110" is deposited on both
the second close contact layer 108 and the contact plug 109
in a state where the second close contact layer 108 is left as
it is (FIG. 9), and then planarizing the upper surface of the
lower electrode layer 110' by CMP (FIG. 10). Accordingly,
it is possible in principle to suppress the above-described
global level difference that has been generated in the resis-
tive nonvolatile storage device of the related art in the step
of forming the contact plugs by CMP, and to reduce char-
acteristic variations of the resistive nonvolatile storage
devices in the memory array region. Hence the number of
failed bits in the resistance change operation can be reduced
to a large extent, and stability of the manufacturing process
can be improved.

Second Embodiment

Aresistive nonvolatile storage apparatus will be described
in which the resistive nonvolatile storage devices 10 accord-
ing to the first embodiment are employed and one diode
serving as a current control element is electrically connected
to each of the resistive nonvolatile storage devices.
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The resistive nonvolatile storage apparatus according to a
second aspect includes: a semiconductor substrate; a plural-
ity of first wirings and a plurality of second wirings, which
are disposed on the semiconductor substrate and are dis-
posed in mutually crossing relation; a plurality of resistive
nonvolatile storage devices disposed respectively in areas
that the plurality of first wirings and the plurality of second
wirings form in a top view; and a plurality of current control
devices disposed respectively in areas that the plurality of
first wirings and the plurality of second wirings form in a top
view, each of the plurality of current control devices con-
trolling current corresponding to each of the plurality of
resistive nonvolatile storage devices. The above-described
resistive nonvolatile storage device 10 according to the first
embodiment is used as each of the plurality of resistive
nonvolatile storage devices. In this embodiment, a diode is
used as the current control element.

With the features described above, in the case of the
resistive nonvolatile storage devices being arranged in the
form of a memory array, even when polishing (e.g., CMP)
of a conductive layer, which constitutes a plug material, is
performed in a step of forming the contact plugs, the
conductive layer is polished in a state where the close
contact layer covering a part of the upper surface of the
interlayer insulating layer remains, on which part the contact
plug is formed. Accordingly, the interlayer insulating layer
is not polished, and surface unevenness (so-called global
level difference), including the level difference in the end
portion of the memory array region and the recess in the
surface of the interlayer insulating layer, can be suppressed.
As a result, variations in characteristics of a large-capacity
resistive nonvolatile storage apparatus of cross-point type,
which employs many resistive nonvolatile storage devices,
can be reduced.

[Configuration of Resistive Nonvolatile Storage Apparatus]

FIG. 17 is a block diagram illustrating a configuration of
a resistive nonvolatile storage apparatus 200 according to
the second embodiment in which the resistive nonvolatile
storage devices 10 according to the first embodiment are
employed. FIG. 18 is a perspective view illustrating a
configuration (corresponding to 4 bits) in a region A of the
resistive nonvolatile storage apparatus 200 illustrated in
FIG. 17. The illustrated configuration represents a resistive
nonvolatile storage apparatus including a memory cell of
cross-point type in which a diode is electrically connected in
series to each resistive nonvolatile storage device (resistance
change eclement).

As illustrated in FIG. 17, the resistive nonvolatile storage
apparatus 200 of this embodiment includes a memory body
201 on a semiconductor substrate. The memory body 201
includes a memory cell array 202, a row selection circuit and
driver 203, a column selection circuit and driver 204, a write
circuit 205 for writing information, a sense amplifier 206
that detects an amount of a current flowing through a
selected bit line, and that determines whether data is “1” or
“0”, and a data input/output circuit 207 that executes input/
output processing of input/output data through a terminal
DQ. The resistive nonvolatile storage apparatus 200 further
includes an address input circuit 208 that receives an address
signal input from the outside, and a control circuit 209 that
controls the operation of the memory body 201 in accor-
dance with a control signal input from the outside.

As illustrated in FIGS. 17 and 18, the memory cell array
202 includes a plurality of word lines (first wirings) WLO,
WL1, WL2, etc., which are formed on the semiconductor
substrate parallel to one another, and a plurality of bit lines
(second wirings) BLO, BL1, BL2, etc., which are formed
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above the plural word lines WL0, WL1, WL2, etc. in a state
parallel to one another in a plane that is parallel to a principal
surface of the semiconductor substrate, and in a state three-
dimensionally crossing the plural word lines WLO, WL1,
WL2, etc.

The memory cell array 202 further includes a plurality of
memory cells M111, M112, M113, M121, M122, M123,
M131, M132, M133, etc., which are disposed in a matrix
pattern corresponding to three-dimensionally crossed points
between the plural word lines WLO, WL1, WL2, etc. and the
plural bit lines BLO, BL.1, BL2, etc. The first metal wiring
104 in the first embodiment (FIG. 1) and the modification
(FIGS. 16 A to 16C) thereof corresponds to the word line in
the second embodiment, and the second metal wiring 117 in
the first embodiment (FIG. 1) and the modification (FIGS.
16A to 16C) thereof corresponds to the bit line in the second
embodiment. The corresponding relation between those two
types of lines may be reversed to the above-mentioned
relation.

Each of the memory cells M111, M112, etc. includes a
resistance change element 113 that constitutes the above-
described resistive nonvolatile storage device 10 according
to the first embodiment, and a current control element
(diode) 130 that is connected in series to the resistance
change element 113. Each resistance change element 113
includes a resistance change layer made of a metal oxide
having a multilayer structure. The metal oxide having the
multilayer structure may be an oxygen-deficient metal
oxide.

The memory cells M111, M112, etc. in FIG. 17 are each
illustrated as a memory cell 210 in FIGS. 18 and 19.
[Configuration of Resistive Nonvolatile Storage Device]

FIG. 19 is a sectional view illustrating a configuration of
the resistance change element 113 and the diode (current
control element 130) in the resistive nonvolatile storage
apparatus 200 illustrated in FIG. 17. Thus, FIG. 19 illustrates
a configuration in a region B (specifically, a section taken
along a line XIX-XIX in FIG. 18).

In the resistive nonvolatile storage apparatus 200 of the
second embodiment, as illustrated in FIG. 19, the memory
cell 210 is interposed between a lower wiring 212 (corre-
sponding to the word line WL1 in FIG. 17) and an upper
wiring 211 (corresponding to the bit line BL1 in FIG. 17),
both the wirings 212 and 211 being made of copper. The
memory cell 210 has a multilayer structure of a lower
electrode 217, a current control layer 216, an inner electrode
215, a resistance change layer 214, and an upper electrode
213, which are successively stacked in the mentioned order.

Here, the inner electrode 215, the resistance change layer
214, and the upper electrode 213 correspond respectively to
the lower electrode 110, the resistance change layer 111, and
the upper electrode 112 in the resistive nonvolatile storage
device 10 according to the first embodiment illustrated in
FIG. 1. The resistance change element 113 is constituted by
those three components. Hence the resistance change ele-
ment 113 in this embodiment is formed in a similar manner
to that in the first embodiment.

The current control layer 216 is connected in series to the
resistance change layer 214 with the inner electrode 215,
made of a tantalum nitride (TaN), interposed between them.
The current control layer 216 and the resistance change layer
214 are electrically connected to each other. The current
control element 130 constituted by the lower electrode 217,
the current control layer 216, and the inner electrode 215 is
an element represented by an MIM (Metal-Insulator-Metal)
diode or an MSM (Metal-Semiconductor-Metal) diode, and
it has a nonlinear electric characteristic with respect to
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voltage. The MSM diode allows a larger current to flow
therethrough than the MIM diode. The current control layer
216 may be made of; e.g., amorphous Si. Furthermore, the
current control element 130 has a bidirectional current
characteristic with respect to voltage such that it is con-
ducted at a predetermined threshold voltage Vf (for
example, +1 V or more or -1V or less with one electrode
being a reference).

Tantalum and a tantalum oxide are materials generally
used in semiconductor processes, and they can be said as
having very high affinity. Therefore, those materials can be
easily employed in the existing semiconductor manufactur-
ing processes.

[Example of Configuration Resistive Nonvolatile Storage
Apparatus Having Multilayer Structure]|

A resistive nonvolatile storage apparatus having a multi-
layer structure can be realized by three-dimensionally stack-
ing the memory cell array in the resistive nonvolatile storage
apparatus 200 according to the second embodiment illus-
trated in FIGS. 18 and 19.

FIG. 20 is a perspective view illustrating a configuration
of a memory cell array that is obtained by arranging, in a
multilayer structure, the resistive nonvolatile storage appa-
ratus 200 according to the second embodiment, illustrated in
FIG. 17. As illustrated in FIG. 20, the resistive nonvolatile
storage apparatus 200 includes a multilayer memory cell
array formed by stacking a plurality of memory cell arrays
in a multilayer structure. Each of the stacked memory cell
arrays includes a plurality of lower wirings (first wirings)
212 that are formed on a not-illustrated semiconductor
substrate parallel to one another, and a plurality of upper
wirings (second wirings) 211 that are formed above the
plural lower wirings 212 in a state parallel to one another in
a plane that is parallel to a principal surface of the semi-
conductor substrate, and in a state three-dimensionally
crossing the lower wirings 212, and a plurality of memory
cells 210 that are disposed in a matrix pattern corresponding
to three-dimensionally crossed points between the plural
lower wirings 212 and the plural upper wirings 211.

While, in the example illustrated in FIG. 20, the number
of wiring layers is five and the resistive nonvolatile storage
devices arranged at the three-dimensionally crossed points
of the wiring layers are disposed in four layers, it is a matter
of course that the numbers of both the layers may be
increased or decreased depending on demands.

A very large-capacity nonvolatile memory can be realized
by disposing the multilayer memory cell array of the above-
described configuration.

Moreover, the resistance change layer in this embodiment
can be formed at low temperature. Accordingly, even when
the multilayer structure is formed through the wiring steps
described above in this embodiment, there is no risk of
affecting transistors and wiring materials, such as silicide,
which have been formed in the step of forming an under-
lying layer. Hence the multilayer memory cell array can be
realized easily. In other words, the resistive nonvolatile
storage apparatus of the multilayer structure can be easily
realized by employing the resistance change layer contain-
ing the tantalum oxide according to the present disclosure.

Third Embodiment

A resistive nonvolatile storage apparatus will be described
in which the resistive nonvolatile storage devices 10 accord-
ing to the first embodiment are employed and one transistor
serving as a current control element is electrically connected
to each of the resistive nonvolatile storage devices.
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The resistive nonvolatile storage apparatus according to a
third embodiment includes: a semiconductor substrate; a
plurality of first wirings and a plurality of second wirings,
which are disposed on the semiconductor substrate and are
disposed in mutually crossing relation; a plurality of resis-
tive nonvolatile storage devices disposed respectively in
areas that the plurality of first wirings and the plurality of
second wirings form in a top view; and a plurality of current
control devices disposed respectively in areas that the plu-
rality of first wirings and the plurality of second wirings
form in a top view, each of the plurality of current control
devices controlling current corresponding to each of the
plurality of resistive nonvolatile storage devices. The above-
described resistive nonvolatile storage device 10 according
to the first embodiment is used as each of the plurality of
resistive nonvolatile storage devices. In this embodiment, a
transistor is used as the current control element.

With the features described above, in the case of the
resistive nonvolatile storage devices being arranged in the
form of a memory array, even when polishing (e.g., CMP)
of a conductive layer, which constitutes a plug material, is
performed in a step of forming the contact plugs, the
conductive layer is polished in a state where the close
contact layer covering a part of the upper surface of the
interlayer insulating layer remains, on which part the contact
plug is formed. Accordingly, the interlayer insulating layer
is not polished, and surface unevenness (so-called global
level difference), including the level difference in the end
portion of the memory array region and the recess in the
surface of the interlayer insulating layer, can be suppressed.
As a result, variations in characteristics of a large-capacity
resistive nonvolatile storage apparatus of 1T1R type, which
employs many resistive nonvolatile storage devices, can be
reduced.

[Configuration of Resistive Nonvolatile Storage Apparatus]

FIG. 21 is a block diagram illustrating a configuration of
a resistive nonvolatile storage apparatus 300 according to
the third embodiment in which the resistive nonvolatile
storage devices 10 according to the first embodiment are
employed. FIG. 22 is a sectional view illustrating a con-
figuration (corresponding to 2 bits) in a region C of the
resistive nonvolatile storage apparatus 300 illustrated in
FIG. 21. The illustrated configuration represents a resistive
nonvolatile storage apparatus including a memory cell of
1TIR (1 transistor 1 resistance change element) type in
which a transistor is electrically connected in series to each
resistive nonvolatile storage device (resistance change ele-
ment).

As illustrated in FIG. 21, the resistive nonvolatile storage
apparatus 300 of this embodiment includes a memory body
301 on a semiconductor substrate. The memory body 301
includes a memory cell array 302, a row selection circuit and
driver 303, a column selection circuit 304, a write circuit 305
for writing information, a sense amplifier 306 that detects an
amount of a current flowing through a selected bit line, and
that determines whether data is “1” or “0”, and a data
input/output circuit 307 that executes input/output process-
ing of input/output data through a terminal DQ. The resistive
nonvolatile storage apparatus 300 further includes a cell
plate power supply (VCP power supply) 308, an address
input circuit 309 that receives an address signal input from
the outside, and a control circuit 310 that controls the
operation of the memory body 301 in accordance with a
control signal input from the outside.

The memory cell array 302 includes a plurality of word
lines (first wirings) WL0, WL1, WL2, etc. and a plurality of
bit lines (second wirings) BL0O, BL.1, BL2, etc., which are
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both formed on the semiconductor substrate parallel to one
another, and which are formed in a state crossing each other,
a plurality of transistors T11, T12, T13, T21, T22,T23,T31,
T32, T33, etc., which are disposed respectively correspond-
ing to crossed points between the word lines WLO, WL1,
WL2, etc. and the bit lines BLO, BL1, BL2, etc., and a
plurality of memory cells M211, M212, M213, M221,
M222, M223, M231, M232, M233, etc., which are disposed
in one-to-one relation to the transistors T11, T12, etc. The
first metal wiring 104 in the first embodiment (FIG. 1) and
the modification (FIGS. 16A to 16C) thereof corresponds to
the word line in the third embodiment, and the second metal
wiring 117 in the first embodiment (FIG. 1) and the modi-
fication (FIGS. 16A to 16C) thereof corresponds to the bit
line in the third embodiment. The corresponding relation
between those two types of lines may be reversed to the
above-mentioned relation.

The memory cell array 302 further includes a plurality of
plate lines (third wirings) PLO, PL1, PL2, etc., which are
arrayed parallel to the word lines WLO, WL1, WL2, etc. As
illustrated in FIG. 22, the bit line BL0 is arranged above the
word lines WL0 and WL1, and the plate lines PL.0 and PL.1
are arranged between the word lines WL0 and WL1 and the
bit line BLO. While, in the arrangement described above, the
plate lines are disposed parallel to the word lines, the plate
lines may be arranged parallel to the bit lines. Furthermore,
while, in the illustrated example, the plate lines are arranged
to apply a common potential to the transistors, a plate line
selection circuit and driver having a similar configuration to
that of the row selection circuit and driver may be disposed
such that selected plate lines and not-selected plate lines are
driven at different voltages (including polarities).

Each of the memory cells M211, M212, etc. corresponds
to the above-described resistive nonvolatile storage device
10 according to the first embodiment, and each resistive
nonvolatile storage device 10 includes a resistance change
layer made of a metal oxide having a multilayer structure.
The metal oxide having the multilayer structure may be an
oxygen-deficient metal oxide.

More specifically, a resistive nonvolatile storage device
313 in FIG. 22 corresponds to a resistance change element
400 in the memory cells M211, M212, etc. in FIG. 21. The
resistance change element 400 in each of the memory cells
M211, M212, etc. is constituted by the above-described
resistive nonvolatile storage device 10 according to the first
embodiment. The resistive nonvolatile storage device 313 is
constituted by an upper electrode 314, a resistance change
layer 315 made of a metal oxide having a multilayer
structure, and a lower electrode 316. In addition to the
resistive nonvolatile storage device 313, FIG. 22 further
illustrates a plug layer 317, a metal wiring layer 318, and a
source or drain region 319.

As illustrated in FIG. 21, drains of the transistors T11,
T12, T13, etc. are connected to the bit line BL0, drains of the
transistors T21, T22, T23, etc. are connected to the bit line
BL1, and drains of the transistors T31, T32, T33, etc. are
connected to the bit line BL2, respectively.

Gates of the transistors T11, T21, T31, etc. are connected
to the word line WL, gates of the transistors T12, T22, T32,
etc. are connected to the word line WL1, and gates of the
transistors T13, T23, T33, etc. are connected to the word line
WL2, respectively.

Sources of the transistors T11, T12, etc. are connected to
the memory cells M211, M212, etc., respectively.

The memory cells M211, M221, M231, etc. are connected
to the plate line PL0, the memory cells M212, M222, M232,
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etc. are connected to the plate line PL1, and the memory
cells M213, M223, M233, etc. are connected to the plate line
PL2, respectively.

The address input circuit 309 receives an address signal
from an external circuit (not illustrated). In accordance with
the address signal, the address input circuit 309 outputs a
row address signal to the row selection circuit and driver
303, and further outputs a column address signal to the
column selection circuit 304. Here, the address signal is a
signal indicating an address of a specific memory cell
selected from the plural memory cells M211, M212, etc. The
row address signal is a signal indicating a row address in the
address indicated by the address signal, and the column
address signal is a signal indicating a column address in the
address indicated by the address signal.

In an information write cycle, the control circuit 310
outputs a write signal, which instructs application of a write
voltage, to the write circuit 305 in accordance with input
data Din that is input to the data input/output circuit 307. On
the other hand, in an information read cycle, the control
circuit 310 outputs a read signal, which instructs application
of a read voltage, to the column selection circuit 304.

The row selection circuit and driver 303 receives the row
address signal output from the address input circuit 309,
selects one of the plural word lines WLO, WL1, WL2, etc.
in accordance with the row address signal, and applies a
predetermined voltage to the selected word line.

The column selection circuit 304 receives the column
address signal output from the address input circuit 309,
selects one of the plural bit lines BLO, BL1, BL2, etc. in
accordance with the column address signal, and applies a
write voltage or a read voltage to the selected bit line.

When the write circuit 305 receives the write signal
output from the control circuit 310, the write circuit 305
outputs, to the column selection circuit 304, a signal that
instructs application of the write voltage to the selected bit
line.

In the information read cycle, the sense amplifier 306
detects an amount of a current flowing through the selected
bit line, which is a read target, and determines whether data
is “1” or “0”. Resulting output data DO is output to an
external circuit through the data input/output circuit 307.

In the third embodiment in which the resistive nonvolatile
storage device has the 1T1R type structure, a storage capac-
ity is reduced in comparison with that in the second embodi-
ment in which the resistive nonvolatile storage device has
the cross-point type structure. However, the third embodi-
ment is advantageous in that, because of not employing the
current control element, such as a diode, combination with
the CMOS process can be facilitated, and operation control
can also be facilitated.

As in the second embodiment, the resistance change layer
in the third embodiment can be formed at low temperature.
Accordingly, another advantage is obtained in that, even
when the multilayer structure is formed through the wiring
steps described above in the third embodiment, there is no
risk of affecting transistors and wiring materials, such as
silicide, which have been formed in the step of forming an
underlying layer.

Moreover, as in the second embodiment, since tantalum
and a tantalum oxide are materials that can be easily
incorporated into the existing semiconductor manufacturing
processes, the resistive nonvolatile storage apparatus
according to the third embodiment can be manufactured
easily from practical point of view.

While the foregoing embodiments have been described in
connection with the case where the metal oxide of the
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resistance change layer is a tantalum oxide, a hafnium oxide,
or a zirconium oxide, it is just to be satisfied for a metal
oxide layer sandwiched between the lower electrode and the
upper electrode that an oxide layer of tantalum, hafnium, or
zirconium, for example, is included as a main resistance
change layer developing the resistance change. The resis-
tance change layer may contain, e.g., a minute amount of
other element than those mentioned above. A minute amount
of any other element may be intentionally contained for the
purpose of fine adjustment of the resistance value, for
example. Even such a case is also involved within the scope
of the present disclosure. Adding, e.g., nitrogen to the
resistance change layer increases the resistance value of the
resistance change layer and improves responsivity of the
resistance change.

When the resistance change layer is formed by sputtering,
a minute amount of an unintended element may be mixed
into the resistance change layer due to the presence of
residual gas or gas release from the wall of a vacuum vessel.
Even such a case of mixing of the minute amount of the
unintended element into the resistance change layer is also
of course involved within the scope of the present disclo-
sure.

While the resistive nonvolatile storage device, the manu-
facturing method for the same, and the resistive nonvolatile
storage apparatus according to the present disclosure have
been described above in connection with the first to third
embodiments, the present disclosure is not limited to the first
to third embodiments. Various modifications of the embodi-
ments, which are conceivable by those skilled in the art, and
various configurations resulting from combining the com-
ponents in the different embodiments are also involved
within the scope of the present disclosure.

What is claimed is:
1. A method for manufacturing a resistive nonvolatile
storage device, the method comprising:

forming a first insulating layer above a substrate;

opening a contact hole through the first insulating layer;

forming a contact layer along a bottom and an inner
sidewall of the contact hole and along an upper surface
of the first insulating layer, so that the contact layer
includes a first portion covering the bottom of the
contact hole, a second portion being in direct contact
with the inner sidewall of the contact hole, and a third
portion covering the upper surface of the first insulating
layer;

depositing a conductive layer on the contact layer,

polishing the conductive layer to expose the third portion
of the contact layer and to cause an upper surface of the
conductive layer to be positioned below the upper
surface of the third portion of the contact layer in the
contact hole;

forming a lower electrode layer on the third portion of
contact layer and on a contact plug that is composed of
the conductive layer in the contact hole;

after forming the lower electrode layer, polishing an upper
surface of the lower electrode layer until a film thick-
ness of the lower electrode layer is larger in a region of
the lower electrode layer above the contact plug than in
a region of the lower electrode layer above the third
portion of the contact layer, and planarizing an upper
surface of the lower electrode layer;

forming a resistance change layer on the planarized lower
electrode layer;

forming an upper electrode layer on the resistance change
layer; and
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simultaneously etching the upper electrode layer, the
resistance change layer, the lower electrode layer, and
the third portion of the contact layer, so that respective
side surfaces of the upper electrode layer, the resistance
change layer, the lower electrode layer, and the third
portion of the contact layer are present in a same plane.

2. The method according to claim 1, further comprising:

before forming the first insulating layer, forming a second
insulating layer on the substrate;

forming a first wiring in the second insulating layer; and

after forming the resistance change layer, forming a
second wiring connected to the upper electrode,

wherein, in the forming the contact layer, the contact layer
is formed on the first wiring, so that the upper surface
of the first wiring comes in direct contact with the first
portion of the contact layer.

3. The method according to claim 1, wherein the forming

the lower electrode layer includes:

depositing a first lower electrode layer on both the third
portion of the contact layer and the conductive layer;

polishing an upper surface of the first lower electrode
layer to planarize the upper surface of the first lower
electrode layer; and
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depositing a second lower electrode layer on the pla-
narized first lower electrode layer.
4. The method according to claim 1, wherein the forming
the resistance change layer includes:
forming a first metal oxide layer comprising an oxygen-
deficient metal oxide; and
forming a second metal oxide layer having a lower degree
of oxygen deficiency than oxygen deficiency of the first
metal oxide layer.
5. The method according to claim 2,
wherein the forming the first wiring includes:
forming a first wiring groove in the second insulating
layer; and
burying a first wiring material in the first wiring groove,
and
wherein the forming the second wiring includes:
forming a third insulating layer on a side surface and an
upper surface of the resistance change element, and
on the first insulating layer;
forming a second wiring groove in the third insulating
layer; and
burying a second wiring material in the second wiring
groove.



